Introduction
Carbohydrate processing enzymes (glycoenzymes) catalyze the assembly and degradation of vital oligo-and polysaccharides. Discovery of inhibitors of glycoenzymes and revealing their structure-activity relationship (SAR) is a principal trend in the development of carbohydrate-based drugs. 1 During our previous research several inhibitors of glycosidase [2] [3] [4] [5] and glycogen phosphorylase 6, 7 (GP) enzymes were synthesized and characterized. The first nanomolar glucose-based inhibitor of rabbit muscle GPb (RMGPb) was 50 identified among N-acyl-N 0 -b-D-glucopyranosyl ureas B (for selected examples see Table 1 , entries 5-7). The strong binding of the 2-naphthyl derivative (entry 7) was attributed to its extensive interactions upon binding with the residues lining the so-called b-pocket of the catalytic channel of the enzyme. 8 GP's b-pocket is located next to the catalytic site of the enzyme in the direction of the b-anomeric substituent of bound D-glucose derivatives surrounded by both polar and apolar amino acid side chains. 9 In the native RMGPb, this site is occupied by water molecules the positions of which give insights for the design of new glucose 60 analogues with substituents that would optimize the network of interactions with the residues in close vicinity. In order to track down the nature of interactions in the b-pocket, and the role of the linker between the sugar and the aromatic part of the molecule some N-aryl-N 0 -b-D-glucopyranosyl ureas A (for selected examples see Table 1 , entries 1-3) have been investigated so far. Derivatives A exhibited weaker binding to RMGPb in comparison to B. To study the effect of a longer linker of similar composition, synthesis of biuret derivatives C was envisaged. As the series of compounds B investigated so far contained mainly apolar residues 7 (R = e.g., methyl, cyclohexyl, (substituted)phenyl and naphthyl), an effort to exploit polar interactions in the b-pocket by substituting sugar rings for R in both B and C was also planned. Compound 4 was isolated by crystallization from MeOH, and deprotection was effected by acid-catalyzed transesterification to give 5.
We have also attempted to produce 4 in a somewhat shorter way from b-D-glucosyl urea 6 13 and PhNCO. In refluxing EtOAc no reaction occurred between 6 and 1.5 equiv of PhNCO. Using the same ratio of the reagents in boiling toluene allowed isolation of 1-b-D-glucosyl-3-phenyl urea 7 10 in 41% yield. Performing the reaction in neat, boiling PhNCO gave compound 7 as well as biuret 90 derivatives 8 and 9 in 4%, 24% and 31% isolated yields, respectively. This unexpected result could be explained by the presence of water in the reaction mixture. When 6 was reacted with 1 equiv of PhNCO in refluxing toluene in the presence of 1 equiv of H 2 O, the formation of 7 could be observed. Urea 7 was also formed when 6 and 1 equiv of PhNH 2 were reacted in boiling toluene. Finally, heating of 7 in neat PhNCO gave biuret 9. All attempts to avoid the formation of these products by carefully drying the solvents and reactants as well as the use of molecular sieves in the reaction mixtures failed. Structural elucidation of the new biurets 8 and 9
100
was straightforward by MS and NMR measurements as follows from the selected characteristic data shown in Scheme 1. Coupling of a glycosylurea and a glycosylisocyanate could give 1,5-bis-glycosyl biuret derivatives. However, the use of commercial OCNCOCl as a bielectrophilic reagent 14, 15 , and glycosylamines as nucleophiles offered a simpler and shorter synthetic pathway towards such target compounds. Thus, reaction of glucopyranosylamine 2 11 with 0.5 equiv of OCNCOCl gave cleanly the expected was obtained in a 98% yield. In each of the above reactions bis-glucopyranosyl urea 21 was also isolated in various amounts which could be due to the presence of traces of water in the mixtures. 21 Attempted deprotection of acyl ureas 20 and 23 was successful under neither basic nor acidic transesterification conditions because 130 cleavage of the N-acyl moiety was faster than removal of the Oacyl-protecting groups. Bis-glucopyranosyl urea 21 was deprotected under Zemplén conditions to give 22 22 in satisfactory yield.
The deprotected compounds were tested for their potency to inhibit rabbit muscle glycogen phosphorylase b activity according to the protocol described earlier, 23, 24 and the results are summarized in Table 1 
Reaction of 2,3,4,6-tetra-O-acetyl-b-D-glucopyranosyl urea 13 (6) with phenylisocyanate
Urea 6 (100 mg, 0.26 mmol) was refluxed in neat phenylisocyanate(1 mL). The reaction was monitored by TLC (2:1 EtOAc-hexane). When the reaction was complete, the excess amount of phenylisocyanate was removed by diluting the mixture with hex-230 ane. The formed precipitate was filtered, dissolved in CH 2 Cl 2 and washed with satd aq NaHCO 3 . The organic layer was separated, dried and the solvent was evaporated. The residue was separated by column chromatography (50:1 CH 2 Cl 2 -acetone) to give, in the order of elution, compounds 8, 9 and 7 10 (4%). 
